Objective: To evaluate the outcome of our experience in the treatment of congenital subglottic hemangiomas.
Conclusions:
Endoscopic laser surgery is the therapeutic option that most approaches the objectives of securing the airway while using the least invasive method possible and reducing to a minimum the necessity and duration of intubation. On the basis of our experience, we believe that diode laser, owing to its physical and structural features, is the safest and most effective device for the treatment of congenital subglottic hemangiomas. Treatment with intralesional or systemic corticosteroids could have an adjuvant role.
Arch Otolaryngol Head Neck Surg. 2008; 134(8) : [848] [849] [850] [851] E VEN THOUGH HEMANGIOmas are the most common head and neck tumors in pediatric patients, their subglottic localization is quite rare, accounting for only 1.5% of all congenital laryngeal lesions. 1 The symptoms of this disease are strictly related to the grade of airway obstruction, which becomes more evident during periods of agitation, crying, or respiratory infections. Stridor, usually biphasic but more prominent during inspiration, is the most common presentation symptom of congenital subglottic hemangiomas (CSGH). In the cases of wider lesions, the signs of respiratory distress are present with barking cough, thoracic and abdominal recessions, hoarseness, and cyanosis. 2 Usually these symptoms are not present at birth but arise in the first 3 months of life after a rapid proliferative phase that peaks at around age 1 year and then starts a gradual involutional process leading to complete resolution over a 2-to 5-year period. 3 The self-limiting course of this disease must be kept in mind when choosing a treatment. A variety of therapeutic options has been proposed in previous years to treat CSGH, including external irradiation, 4 tracheotomy, 5 surgical excision, 6 systemic or intralesional corticosteroids, 7,8 laser vaporization, 9 and interferon. 10 The aim of this work was to analyze our experience with endoscopic treatment of CSGH and to compare our data with those reported in literature.
METHODS
We carried out a retrospective medical records review of all patients treated for CSGH in our institution during a period of 20 years (1986 to 2006) . For each patient, the following char- In all cases, after the routine assessment (clinical evaluation, biochemical examinations, and chest radiography), the diagnosis was made by means of an endoscopic direct visualization of the tumor under general anesthesia (Figure 1 ). We used rigid rod-lens telescopes with diameters of 2.7 and 4 mm with either direct or 30°angled vision.
Therapeutic choice depended on symptoms and grade of respiratory impairment. Patients presenting with only inspiratory stridor and airway obstruction up to 70% (group 1) were treated primarily with oral steroids and monitored until the symptoms resolved. We administered dexamethasone sodium phosphate (1 mg/kg/d) for 7 days followed by a slow decrease of the doses every 48 to 72 hours until reaching minimum levels. Patients with signs of moderate to severe respiratory distress 11 and/or airway obstruction greater than 70% (group 2) were treated with 2 different approaches. In the first 10 years of our experience (group 2A), we administered an intralesional corticosteroid injection followed by intubation and treatment with systemic dexamethasone. Since 1995, we treated hemangiomas with laser vaporization (Figure 2 ) using a diode laser (Biolitec AG, Jena, Germany) under videoendoscopic control (group 2B).
To reduce the variability due to cumulative effects of different subsequent treatments on each patient, only the primary treatments were considered in the present analysis. The outcomes of these treatments were evaluated according to 1 or more of the following criteria: resolution of symptoms, reduction of airway obstruction, the need and duration of intubation, tracheotomy decannulation, need of further treatments, and occurrence of complications.
All the data revealed by our work were then compared with the main experiences reported in the English-language literature.
RESULTS
From 1986 to 2006, 39 pediatric patients affected by CSGH were treated at the Division of Airway Endoscopic Surgery, Padua University Hospital. There were 30 girls and 9 boys (ratio, 3.3:1) with a mean age at the first diagnosis of 5.1 months (range, 1.3-15.7 months). All patients were referred to us for respiratory problems: stridor was present in 13, while 26 patients showed signs and symptoms of moderate to severe respiratory distress. In 20 cases, the lesion was localized in the left portion of the subglottic region, while in 8 patients, the right side was involved. In 8 cases, the hemangioma was posterior, and in 2 patients it was bilateral.
Six patients (group 1) were primarily treated with only systemic steroids for a mean period of 6.4 weeks (range, 3 weeks to 6 months); 3 of them achieved stable control of symptoms, while 1 of them experienced a recurrence of stridor after therapy suspension that required diode laser vaporization. The same secondary laser treatment was used in 2 cases in which a progression of the tumor with worsening of respiratory symptoms was recorded notwithstanding steroid treatment.
Eleven patients (group 2A) underwent intralesional corticosteroid injection followed by tracheal intubation and systemic steroid support. The mean intubation period was 8.3 days (range, 5.0-15.0 days). In 3 of 11 patients, a tracheotomy was carried out owing to inability to remove the ventilation tube after 15 consecutive days; 2 of these 3 patients underwent secondary laser treatment. One patient who was referred to us had already undergone a tracheotomy. The mean decannulation time was 14.7 months (range, 13.1-17.4 months).
In 22 patients (group 2B), diode laser was used as the primary treatment of CSGH, with a mean of 1.6 sessions (range 1.0-3.0) performed for each patient at a mean interval of 3.5 months (range, 1.3-13.4 months). In 6 of 22 cases, laser vaporization was followed by tracheal intubation (27%) for a mean period of 3.7 days (range, 2.0-5.0 days). In 21 of 22 cases (95%), remission of symptoms and a significant reduction of the tumor's dimensions was obtained (mean reduction, 68%; range of reduction, 55%-100%) as shown by endoscopic control. One patient, affected by moderate gastroesophageal reflux disease, underwent a tracheotomy owing to the persistence of respiratory symptoms after 3 laser sessions. In 2 cases, a tracheotomy was performed preventively before laser treatment for associated diseases (1 case of severe gastroesophageal reflux disease that required Nissen fundoplication and 1 case of cardiovascular dysfunction). Two other patients who were referred to us had already undergone a tracheotomy. The mean decannulation time was 11.3 months (range, 9.0-14.0 months).
As for complications, 3 of the 17 patients treated with full-dose systemic steroids (groups 1 and 2A) developed adverse effects (18%), which were controlled with a decrease of steroid dose in 2 cases (hypertension and gastropathy) and suspension of treatment in 1 (a patient with Cushing disease who was subsequently treated with laser treatment). No complications strictly caused by intralesional corticosteroid injections (group 2A) were observed in any patients. No early complications (in particular, intraoperative or postoperative bleeding) were verified in the 22 patients who underwent laser surgery (group 2B); in 2 cases minor late complications that required further treatment occurred (9%): a tracheal posterolateral bridge synechia (resolved after treatment with a diode laser section) and a laser-induced subglottic granuloma (successfully removed by means of videoendoscopic forceps). No secondary subglottic stenoses were recorded.
COMMENT
Although it is clear that the aim of any treatment is to secure the airway, the rarity of CSGH and the consequent scarcity and variability of any single experience give rise to a lack of consensus and unequivocal guidelines to direct treatment of this disease. 12 To provide clearer direction, Bitar et al 12 reviewed all the cases of CSGH reported in the English-language literature between 1986 and 2002 (28 series including 372 patients over the 17year period). From this work, it appears that carbon dioxide laser surgery was the most widely used technique for treatment of CSGH (181 of 372), followed by tracheotomy (164 of 372), systemic corticosteroids (163 of 372), intralesional steroids (54 of 372), and open surgical excision (50 of 372). Other techniques are only occasionally used. 12 In 81 patients, carbon dioxide laser vaporization was used as the primary treatment, with a success rate of 88.9%. Patients underwent a mean of 2 treatment sessions (range, 1-5 sessions), and a complication rate of 12.2% was reported, in particular subglottic stenoses (5.5%). 12 In our experience with a smaller number of patients, diode laser was the primary treatment, showing a success rate of 95% (21 of 22) and an incidence of minor complications of 9% (2 of 22) without either early or late major complications.
Several considerations lead us to believe that diode laser therapy is particularly suitable and effective in the treatment of CSGH. First, the diode laser's beam, in contrast to the carbon dioxide laser beam, is carried by flexible optic fibers that can be coupled with telescopes permitting access to sites such as the subglottic region that are difficult to explore with other techniques. Moreover, the exclusive use of this laser by contact or extremely close distance makes it much safer than other laser sources by avoiding damage due to "beam escape" in an open field. Other advantages are related to the physical features of the diode laser: its specific wavelength (810-980 nm) is not only absorbed by water (although less so than carbon dioxide laser wavelength) but also by other chromophores such as melanin and, in particular, oxyhemoglobin. From a practical point of view, all of these features confer on the diode laser a surgical precision only slightly inferior to that of the carbon dioxide laser and a superior capability of coagulation and thermal vaporization, making the diode laser particularly suitable to treat vascular lesions such as CSGH. Diode laser also appears to be more precise and less invasive than other devices such as Neodymium:YAG and potassium-titanyl-phosphate lasers, which have been used to treat hemangiomas in a small number of cases. [13] [14] [15] [16] The same technical precautions reported for other laser sources also apply to diode laser surgery. In particular, to prevent the evolution of scarring, damage to the perichondrium must be avoided. Similarly, excessively long and frequent laser exposure must be avoided. In our experience, we find it appropriate to submit the patient to no more than 3 laser sessions, with a minimum interval of 1 month between sessions. To favor vaporization over than section, we use the diode laser at a medium power emission (5-8 W) in continuous mode or with lowfrequency pulsation, and with fibers of 300 to 600 µm. We also reduce irradiation time to a minimum to avoid thermal damage as much as possible. For the same reason, we cool the surgical field with a cotton sponge soaked with isotonic sodium chloride solution at 4°C.
With regard to corticosteroid treatment, Bitar et al 12 report that intralesional steroid injection, used as primary treatment for 22 of 372 patients, showed a success rate of 86.4% with a mean of 3 injections. However, this treatment required a mean intubation period of 38 days. 12 In our opinion, such a long intubation period exposes the patient to an unacceptable risk of early or late airway injuries for the treatment of a self-limiting disease. For this reason, we performed a temporary tracheotomy on all patients we could not wean from the ventilation tube after a 15 days (4 of 11 patients who were treated with steroids and 1 of 22 patients who underwent diode laser treatment). The rather high incidence of tracheotomy in patients treated with intralesional steroids is owing to the long action time associated with this treatment, in contrast to the immediate effect of laser vaporization.
The use of systemic steroids, although widely reported in literature as the primary treatment (102 of 372), showed a poor success rate, particularly for large tumors. 12 Moreover, this therapy is associated with adverse effects (Cushing disease, growth retardation, hypertension, and immunodeficiency) reported in 12.9% of the cases 12 and verified in our experience. On the other hand, we believe that systemic steroids, administered at controlled doses and for a short period, could have an adjuvant role after laser treatment.
Open surgical excision of CSGH, first described by Sharp in 1945 6 and recently revisited by others, [17] [18] [19] showed a success rate of 98%. It was used on 50 of 372 patients, re-(REPRINTED) ARCH OTOLARYNGOL HEAD NECK SURG/ VOL 134 (NO. 8), AUG 2008 quired a mean intubation or stenting period of 9 days, and carried a 10% complication rate, complications including subglottic stenosis, bleeding, and wound infections. 12 We believe that this technique, while efficacious, is too invasive as a primary procedure and therefore should be considered only for selected cases not suitable for endoscopic surgery or after failure of other treatments.
The main goal of any CSGH treatment is to secure the airway as conservatively as possible and reduce to a minimum the intubation period. Considering the pathologic features and the clinical evolution of CSGH, we believe that endoscopic laser surgery is the therapeutic option that most effectively achieves these objectives. We also believe that diode laser, owing to its physical and structural features, is the most effective and safe device in the treatment of CSGH. The use of intralesional or systemic corticosteroids could have a helpful adjuvant role to laser treatment. 
